Introduction
============

Pancreatic carcinoma is an aggressive and rapidly fatal malignant disease which is the ninth most common malignancy and the fourth leading cause of carcinoma-related deaths, with an average 5-year survival rate of less than 5% in the USA.[@b1-ott-8-2827],[@b2-ott-8-2827] Currently, early diagnosis and radical surgery provide the only chance of long-term survival for patients with pancreatic carcinoma. Unfortunately, most patients have already presented with serious local invasion and/or distant metastases when pancreatic carcinoma is first discovered, thereby missing the optimal timing for curative surgical resection.[@b3-ott-8-2827] Although great efforts have been made in primary prevention, early diagnosis, and clinical treatment of pancreatic carcinoma, the 5-year survival rate remains unsatisfactory for all stages and races.[@b4-ott-8-2827] Therefore, in order to improve the prognosis of the patients, there is an urgent need to increase our understanding of the evolution of this deadly disease.

The biological behavior of pancreatic carcinoma is that tumor cells disseminate via adjacent tissues, peripheral nerves, lymphatic vessels, and blood vessels to implement local infiltration, perineural invasion (PNI), lymphatic metastasis, and distant metastasis; these events depend on special tumor microenvironmental factors to accelerate the degradation of the extracellular matrix (ECM).[@b5-ott-8-2827] The ECM is an important physiological barrier in tumor invasion and metastasis which, by interacting with tumor cells, can block them from entering the adjacent tissues. The integrity of the ECM is regulated by the balance between matrix metalloproteinases (MMPs) and their inhibitors; some previous studies have indicated that an imbalance between MMPs and their inhibitors can enhance the degradation of the ECM, thereby promoting the infiltration and migration of tumor cells.[@b6-ott-8-2827]--[@b8-ott-8-2827] MMP-2 is an important member of the MMP family which plays a significant part in the development of some neoplastic diseases, and a high level of MMP-2 expression in pancreatic carcinoma tissues has been previously elucidated.[@b9-ott-8-2827]--[@b12-ott-8-2827] Tissue factor pathway inhibitor (TFPI)-2 is a Kunitz-type serine proteinase repressor which is widely produced in a variety of normal human tissues and organs, including the pancreas. TFPI-2 can inhibit the activity of various proteases, including MMPs.[@b13-ott-8-2827] Therefore, TFPI-2 is considered a protector that prevents components of the ECM from degrading, thereby combating the infiltration and migration of tumor cells.[@b14-ott-8-2827]--[@b17-ott-8-2827] Previous studies have suggested that TFPI-2 expression is reduced in all kinds of human solid tumors, including pancreatic carcinoma.[@b18-ott-8-2827]--[@b20-ott-8-2827]

Lymph node metastasis (LNM) and PNI are two important aggressive biologic and clinicopathologic characteristics of pancreatic carcinoma and are closely related to the unfavorable outcome of patients after surgery.[@b21-ott-8-2827]--[@b24-ott-8-2827] In general, the patients with LNM or PNI should undergo more extensive lymphadenectomy or more aggressive neural dissection around the vessels. However, preoperatively, it is difficult to determine whether or not LNM or PNI are present. Despite several molecular markers having been proposed to predict LNM and PNI in pancreatic carcinoma, the potential predictive values of the molecular markers involved have had no significant effect in pancreatic carcinoma. A previous study has suggested that MMP-2 protein expression is elevated and TFPI-2 protein expression decreased in pancreatic carcinoma tissues; the differential expressions of the proteins show a negative correlation and may have opposite effects on the progression of disease.[@b25-ott-8-2827] In addition, high MMP-2 expression and low TFPI-2 expression are significantly associated with a poor prognosis in patients with pancreatic carcinoma.[@b25-ott-8-2827] However, it is unclear whether MMP-2 and TFPI-2 can be used as significant predictive biomarkers for predicting LNM and PNI in pancreatic carcinoma. Therefore, in this work, we performed an immunohistochemical study to validate the levels of MMP-2 and TFPI-2 expression in pancreatic carcinoma tissues, and to investigate the roles of MMP-2 and TFPI-2 in predicting LNM and PNI in pancreatic carcinoma.

Materials and methods
=====================

Patients and tissue samples
---------------------------

The study was conducted in agreement with the Declaration of Helsinki and was approved by the Human Scientific Ethics Committee of Anhui Medical University (Hefei, People's Republic of China). Pancreatic carcinoma tissues and para-carcinoma tissues (defined as pancreatic tissue from 2 cm beyond the tumor margin) were collected from a total of 122 patients who underwent curative surgical resection (tumorectomy plus lymphadenectomy) and who were pathologically diagnosed with pancreatic carcinoma between 2008 and 2011 at the Affiliated Provincial Hospital of Anhui Medical University (Hefei, People's Republic of China). All postoperative samples were fixed in 10% formaldehyde, embedded in paraffin wax, and stored at the specimen bank of the pathology department. All patients signed the informed consent and had not received any anticancer therapy before surgery.

All patients had complete clinical and pathological data, including age (\<60 or ≥60 years), sex (male or female), tumor diameter (\<20 or ≥20 mm), tumor location (head or body/tail), preoperative serum carbohydrate antigen 19-9 (CA19-9) concentrations (≤37 or \>37 U/mL), tumor differentiation (well or moderate/poor), LNM (absent or present), and PNI (absent or present). These patients consisted of 65 men and 57 women, with a mean age of 56 years (range: 46--66 years). LNM and PNI were observed directly by postoperative pathological examination. Tumor differentiation was defined according to the grading systems of the National Cancer Institute (NCI).[@b26-ott-8-2827]

Immunohistochemical staining and scoring for MMP-2 and TFPI-2
-------------------------------------------------------------

To detect the expression of MMP-2 and TFPI-2 in pancreatic tissues, immunohistochemical staining was performed using a two-step protocol according to the manufacturer's instructions. As previously described, tissue sections (4 μm thick) from paraffin-embedded specimens were heated at 60°C for 20 minutes, dewaxed with xylene, rehydrated through gradient ethanol (100%, 95%, and 75%, respectively), and washed with phosphate-buffered saline (PBS).[@b25-ott-8-2827] Antigen retrieval was then performed by applying a microwave-heating procedure in 0.01 mol/L sodium citrate buffer (pH 6.0) at 80°C for 20 minutes. After endogenous peroxidase activity was blocked with 0.3% H~2~O~2~ for 10 minutes, the sections were incubated at 4°C overnight with polyclonal primary antibodies (anti-MMP-2; Santa Cruz Biotechnology Inc., Dallas, TX, USA; anti-TFPI-2; Zhongshan Golden Bridge Biotechnology Co., Ltd., Beijing, People's Republic of China) in a humid chamber. After washing with PBS, the sections were incubated with biotinylated secondary mouse antibody for 30 minutes at a constant 37°C and then with horseradish peroxidase-labeled streptavidin for 30 minutes at a constant 37°C. After further washing with PBS, chromogenic immunolocalization was implemented using 3,3-diaminobenzidine (Sigma-Aldrich Co., St Louis, MO, USA) substrate. Finally, the sections were counterstained with hematoxylin before dehydration and mounting. In addition, the negative controls were arranged by replacing the primary antibodies with PBS under the same conditions.

The semiquantitative assessment of immunostaining was performed according to the percentage and intensity of stained cells, as previously described.[@b25-ott-8-2827] The percentage of stained cells was graded as follows: 0 points, no staining; 1 point \<10%; 2 points, 10%--30%; 3 points \>30% of stained cells. The intensity of staining was: 0 points, absent; 1 point, weak; 2 points, moderate; 3 points, strong. The immunoreactive total score was the product of the points for the intensity and percentage of staining. A final total score ≤3 was defined as low expression, and \>3 was determined to be high expression. All immunostained slides were reviewed independently by two experienced pathologists who were blinded to each other's results. For all differences, a consensus was reached by joint evaluation.

Statistical analysis
--------------------

Statistically significant differences between tumor tissues and the surrounding nontumor tissues were evaluated using the Pearson's chi-squared test, based on the final total immunostaining scores. The relationships between LNM, PNI, and other clinicopathological data were also analyzed using Pearson's chi-squared test. The associations of LNM and PNI with MMP-2 expression and TFPI-2 expression were analyzed using either Pearson's chi-squared test or Spearman's rank correlation test. Logistic regression analysis was applied to determine the independent predictors for the risk of LNM and PNI. All statistical analyses were performed using the software package SPSS version 17.0 (SPSS, Inc., Chicago, IL, USA). All analyses were determined by a two-tailed test, and *P*\<0.05 was considered statistically significant.

Results
=======

Correlation between LNM, PNI, and other clinicopathologic data
--------------------------------------------------------------

The relationships between LNM, PNI, and other clinicopathological data were analyzed. As shown in [Table 1](#t1-ott-8-2827){ref-type="table"}, the data demonstrated that LNM was associated with tumor diameter (*P*=0.026) and preoperative serum CA19-9 concentrations (*P*=0.013). However, there was no obvious association between LNM and age, sex, tumor location, or tumor differentiation (*P*\>0.05). A weak association was also found between PNI and preoperative serum CA19-9 concentrations (*P*=0.042), but there was no significant association between PNI and age, sex, tumor diameter, tumor location, or tumor differentiation (*P*\>0.05).

Immunohistochemical characteristics of MMP-2 and TFPI-2 in pancreatic carcinoma tissues and para-carcinoma tissues
------------------------------------------------------------------------------------------------------------------

The results of staining showed that MMP-2 and TFPI-2 were mainly localized to the cytoplasm of cells ([Figure 1](#f1-ott-8-2827){ref-type="fig"}). Our results showed that MMP-2 expression was higher in pancreatic carcinoma tissues (100/130, 76.9%) than in para-carcinoma tissues (38/130, 29.2%). In contrast, TFPI-2 expression was lower in pancreatic carcinoma tissues (38/130, 29.2%) than in para-carcinoma tissues (101/130, 77.7%). Statistical analysis showed that there were significant statistical differences in the expression levels of MMP-2 (*P*=0.001) and TFPI-2 (*P*\<0.001) between pancreatic carcinoma tissues and para-carcinoma tissues ([Table 2](#t2-ott-8-2827){ref-type="table"}).

Correlation of LNM with MMP-2 and TFPI-2 staining
-------------------------------------------------

The relationships of LNM with MMP-2 and TFPI-2 staining were evaluated. The results demonstrated that there was a significant positive association between MMP-2 expression and LNM (*r*=0.468, *P*\<0.001). In contrast, there was a significant negative association between TFPI-2 expression and LNM in pancreatic carcinoma (*r*=−0.396, *P*\<0.001) ([Table 3](#t3-ott-8-2827){ref-type="table"}).

Correlation of PNI with MMP-2 and TFPI-2 staining
-------------------------------------------------

As shown in [Table 3](#t3-ott-8-2827){ref-type="table"}, the results of the evaluation showed that the level of MMP-2 expression in pancreatic carcinoma tissues was significantly and positively correlated with PNI (*r*=0.637, *P*\<0.001). In contrast, TFPI-2 expression was significantly and negatively correlated with PNI in pancreatic carcinoma (*r*=−0.460, *P*\<0.001).

Multivariate analysis for independent risk factors of LNM and PNI
-----------------------------------------------------------------

In order to identify which variable was the independent predictor for predicting the risk of LNM and PNI, a logistic regression analysis was performed. This showed that high MMP-2 expression served as an independent risk factor for LNM (hazard ratio \[HR\] =7.587; 95% confidence interval \[CI\] 2.657--21.665; *P*\<0.001) and PNI (HR =24.127; 95% CI 7.068--82.358; *P*\<0.001) in pancreatic carcinoma. Additionally, multivariate analysis showed that low TFPI-2 expression also acted as an independent risk factor for LNM (HR =0.271; 95% CI 0.109--0.676; *P*=0.005) and PNI (HR =0.199; 95% CI 0.071--0.561; *P*=0.002) in pancreatic carcinoma ([Table 4](#t4-ott-8-2827){ref-type="table"}).

Discussion
==========

Identifying which specific molecular biomarkers to use to predict the occurrence of LNM and PNI could make a significant contribution to improving the prognosis for patients with pancreatic carcinoma. In the present study, we detected the levels of MMP-2 and TFPI-2 expression in pancreatic carcinoma tissues and para-carcinoma tissues by immunohistochemistry, and investigated the roles of MMP-2 and TFPI-2 in predicting LNM and PNI in pancreatic carcinoma. Our results showed that MMP-2 expression was significantly elevated in pancreatic carcinoma tissues relative to that in para-carcinoma tissues; these results were consistent with previous findings that MMP-2 expression was upregulated in pancreatic carcinoma tissues.[@b9-ott-8-2827]--[@b12-ott-8-2827],[@b25-ott-8-2827] We also demonstrated that TFPI-2 expression was significantly reduced in pancreatic carcinoma tissues compared to para-carcinoma tissues, thereby verifying the previous findings that TFPI-2 expression was remarkably downregulated in pancreatic carcinoma tissues.[@b18-ott-8-2827]--[@b20-ott-8-2827],[@b25-ott-8-2827] Interestingly, these results suggested that the level of MMP-2 expression had a significantly positive correlation with LNM and PNI, whereas the level of TFPI-2 expression was significantly negatively correlated with LNM and PNI in pancreatic carcinoma. Furthermore, high MMP-2 expression and low TFPI-2 expression in pancreatic carcinoma tissues acted as independent risk factors for LNM and PNI. Therefore, our findings show that MMP-2 and TFPI-2 both play an important role in the development of LNM and PNI in pancreatic carcinoma.

There is increasing evidence to indicate that MMP-2 plays a prominent role in LNM and progression of tumor.[@b27-ott-8-2827]--[@b30-ott-8-2827] Mönig et al[@b27-ott-8-2827] suggested that MMP-2 staining is strongly correlated with LNM and tumor progression in gastric carcinoma, which may be a useful indicator of tumor progression, especially for LNM. Wu et al[@b28-ott-8-2827] reported that the level of intratumoral MMP-2 protein staining is significantly elevated and might be a useful marker for predicting the risk of cervical LNM in patients with papillary thyroid carcinoma. Huang et al[@b29-ott-8-2827] showed that the positive rate of MMP-2 expression is higher in lymph-node-metastatic nasopharyngeal carcinoma than in chronic nasopharyngitis and nonmetastatic nasopharyngeal carcinoma, and that upregulated MMP-2 may enhance the metastatic capability of carcinoma cells through the overexpression of ECM metalloproteinase inducer. Xiang et al[@b30-ott-8-2827] indicated that high-level expression of MMP-2 protein is an independent risk factor for developing LNM; the combination of intratumoral hypoxia-inducible factor-1α, vascular endothelial growth factor, and MMP-2 staining may also be useful as a molecular prediction model for LNM in hepatocellular carcinoma. Our data showed that overexpressed MMP-2 has a dramatic and positive association with LNM, serving as an independent predictor of LNM in pancreatic carcinoma. Furthermore, high MMP-2 expression was significantly and positively associated with PNI, acting as an independent prognosticator of PNI in pancreatic carcinoma. Our results combined with previous findings suggest that MMP-2 may play a facilitative role in the development of LNM and PNI in pancreatic carcinoma. Nevertheless, for some other types of human tumor, high-level expression of MMP-2 shows no correlation with the risk of LNM.[@b31-ott-8-2827],[@b32-ott-8-2827] For instance, Krecicki et al[@b31-ott-8-2827] reported that there is no significant correlation between strong MMP-2 immunohistochemical staining and the risk of LNM in patients with laryngeal cancer. Moreover, Campos et al[@b32-ott-8-2827] demonstrated that MMP-2 immunoreactivity is not associated with a greater risk of LNM in invasive penile carcinoma. Therefore, more studies are required to support our findings.

With respect to the relationship between TFPI-2 expression and LNM in malignant tumors, Zhang et al[@b33-ott-8-2827] suggested that TFPI-2 expression has a decreasing trend and is significantly correlated with LNM in the progression of cervical cancer. Xu et al[@b34-ott-8-2827] indicated that negative or low TFPI-2 expression is significantly associated with LNM, vessel invasion, poor histologic grade, tumor progression, tumor recurrence, and poor outcome, and is a potential prognostic tool in breast cancer. In addition, Hibi et al[@b35-ott-8-2827]--[@b37-ott-8-2827] detected methylation of the *TFPI-2* gene by quantitative methylation-specific polymerase chain reaction and found that *TFPI-2* gene methylation is common in the serum of patients with colorectal cancer and those with gastric cancer, and that gene methylation is significantly related to LNM and distant metastases. Aberrant methylation of the *TFPI-2* gene is regarded as significant in the reduction of TFPI-2 expression in human cancers.[@b38-ott-8-2827] In the current study, our findings showed that the downregulation of TFPI-2 expression was markedly negatively correlated with LNM and acted as an independent factor for high risk of LNM in pancreatic carcinoma. In addition, low TFPI-2 expression was significantly and negatively associated with PNI, acting as an independent predictive factor for the risk of PNI in pancreatic carcinoma. These findings reveal that TFPI-2 may have an inhibiting effect on the development of LNM and PNI in pancreatic carcinoma.

A major limitation of this single-center work was the relatively small sample size. In addition, it is inevitable that there will be a selection bias in any retrospective study. More prospective studies with a larger cohort of subjects are therefore needed to support our findings.

Taken together, the current findings have confirmed the high-level expression of MMP-2 and the low-level expression of TFPI-2 in pancreatic carcinoma tissues. Upregulated MMP-2 and downregulated TFPI-2 are significantly correlated with LNM and PNI, and serve as independent predictors for the risk of LNM and PNI in pancreatic carcinoma. Therefore, combined detection of MMP-2 and TFPI-2 may be considered a potentially and promising tool to predict LNM and PNI in pancreatic carcinoma. Our present findings could make a momentous contribution to decisions on the patterns of surgical treatment if information on MMP-2 and TFPI-2 expression can be obtained preoperatively. Currently, only a few reports are available regarding the roles of MMP-2 and TFPI-2 in identifying LNM and PNI in pancreatic carcinoma. Consequently, further studies will be necessary to ascertain whether MMP-2 and TFPI-2 are useful predictive factors for LNM and PNI in pancreatic carcinoma.
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![Immunohistochemistry of MMP-2 and TFPI-2 in pancreatic carcinoma tissues and para-carcinoma tissues.\
**Notes:** The MMP-2 and TFPI-2 are mainly focused on the cytoplasm of cells. (**A**) Shows the high-level expression of MMP-2 in pancreatic carcinoma tissues. (**B**) Shows the low-level expression of MMP-2 in para-carcinoma tissues. (**C**) Shows the low-level expression of TFPI-2 in pancreatic carcinoma tissues. (**D**) Shows the high-level expression of TFPI-2 in para-carcinoma tissues. All images were taken at 400× magnification.\
**Abbreviations:** MMP, matrix metalloproteinase; TFPI, tissue factor pathway inhibitor.](ott-8-2827Fig1){#f1-ott-8-2827}

###### 

Relationships between the other clinicopathological parameters and the status of LNM and PNI

  Parameters        Number   LNM   PNI                     
  ----------------- -------- ----- ----- ------- ---- ---- -------
  Age (years)                                              
   \<60             61       24    37    0.846   21   40   0.627
   ≥60              69       26    43            21   48   
  Sex                                                      
   Male             69       32    37    0.070   22   47   0.913
   Female           61       18    43            20   41   
  Tumor diameter                                           
   \<20 mm          62       30    32    0.026   23   39   0.265
   ≥20 mm           68       20    48            19   49   
  Tumor location                                           
   Head             64       25    39    0.890   21   43   0.904
   Body/tail        66       25    41            21   45   
  Serum CA19-9                                             
   ≤37 U/mL         43       23    20    0.013   19   24   0.042
   \>37 U/mL        87       27    60            23   64   
  Differentiation                                          
   Moderate/poor    74       28    46    0.867   24   50   0.972
   Well             56       22    34            18   38   

**Abbreviations:** CA19-9, carbohydrate antigen19-9; LNM, lymph node metastasis; PNI, perineural invasion.

###### 

Differential expression of MMP-2 and TFPI-2 in pancreatic carcinoma tissues and corresponding para-carcinoma tissues (n=130)

  Tissues                  MMP-2 expression   TFPI-2 expression                                    
  ------------------------ ------------------ ------------------- ------- ----------- ------------ ---------
  Carcinoma tissues        30 (23.1)          100 (76.9)          0.001   92 (70.8)   38 (29.2)    \<0.001
  Para-carcinoma tissues   92 (70.8)          38 (29.2)                   29 (22.3)   101 (77.7)   

**Abbreviations:** MMP, matrix metalloproteinase; TFPI, tissue factor pathway inhibitor.

###### 

Associations between the expression of MMP-2 and TFPI-2 and the status of LNM and PNI

  Variables           LNM   PNI                                         
  ------------------- ----- ----- -------- --------- ---- ---- -------- ---------
  MMP-2 expression                                                      
   Low                24    6     0.468    \<0.001   26   4    0.637    \<0.001
   High               26    74                       16   84            
  TFPI-2 expression                                                     
   Low                24    68    −0.396   \<0.001   17   75   −0.460   \<0.001
   High               26    12                       25   13            

**Note:** Data presented as number of patients.

**Abbreviations:** MMP, matrix metalloproteinase; LNM, lymph node metastasis; PNI, perineural invasion; TFPI, tissue factor pathway inhibitor.

###### 

Logistic regression analysis of factors associated with LNM and PNI

  Variables                         LNM     PNI                                                
  --------------------------------- ------- --------------- --------- -------- --------------- ---------
  MMP-2 expression (low vs high)    7.587   2.657--21.665   \<0.001   24.127   7.068--82.358   \<0.001
  TFPI-2 expression (low vs high)   0.271   0.109--0.676    0.005     0.199    0.071--0.561    0.002

**Abbreviations:** CI, confidence interval; HR, hazard ratio; LNM, lymph node metastasis; MMP, matrix metalloproteinase; PNI, perineural invasion; TFPI, tissue factor pathway inhibitor.
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